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J.PO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s j 10ws t h e wor( j which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is useful especially as a solid polymer electrolyte about the new polymer 

containing an alkyl phosphoric-acid radical. 

[0002] 

[Description of the Prior Art] In recent years, the opportunity which is going to substitute a solid-state system for an 
electrolyte instead of a drainage system has been growing. As the 1st reason, it is the ease of processing in the case of 
applying, for example to the above-mentioned electrical and electric equipment and electronic ingredient, and is the 
shift to short ** slight and large electrification as the 2nd reason. Both are known although it consists of the thing and 
the organic substance which consist of an inorganic substance as a proton conductivity ingredient conventionally. 
Although the phosphoric-acid uranyl which is a hydration compound, for example is mentioned as an example of an 
inorganic substance, these inorganic compounds do not have the enough contact by the interface, and forming the 
electric conduction film on a substrate or an electrode has many problems. 

[0003] The polymer which belongs to the so-called cation exchange resin as an example of the organic substance on the 
other hand, For example, polystyrene sulfonate, a polyvinyl sulfonic acid, a perfluoro sulfonic-acid polymer, Polymer 
[Polymer preprints which introduced the sulfonic group into the perfluoro carboxylic-acid polymer and the thermally 
stable polymer, Japan Vol.42, No.7, p2490-2492 (1993), Polymer preprints, Japan Vol.43, No.3, p735-p736 (1994), 
Polymer Organic system polymers, such as preprints, Japan Vol.42, No.3, and p730(1993)], are mentioned. 
[0004] Since these organic system polymer is meltable to a solvent, it can form a film easily on a substrate or an 
electrode by casting these polymers solution. However, in addition to proton conductivity not being yet enough, these 
organic system polymer cannot say it as a sufficiently satisfying thing - proton conductivity will fall at an elevated 
temperature (near 100 degree C) - but there are various problems in applying to the electrical and electric equipment, 
an electronic ingredient, etc. On the other hand, the polymer containing polar groups, such as a sulfonic group, a 
carboxylic-acid radical, a phosphoric-acid radical, and the 4th class amino group, is known widely. These polymers are 
used in broad fields, such as the dispersant of an inorganic substance or the organic substance, an emulsifier, chemical 
for water treatment, an antistatic agent, a water retention agent, a thickener, a fiber processing agent, and ion exchange 
resin (film). Also in these applications, it may be comparatively used at an elevated temperature and the prolonged 
dependability under an elevated temperature is searched for. However, it cannot necessarily be satisfied with the 
conventional polymer of this demand. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is what was made against the background of the Prior-art- 
technical problem. The electrolyte for primary cells, The electrolyte for rechargeable batteries, the electrolyte for fuel 
cells, a display device, an electrochromic element (aperture), A solid polymer electrolyte available (proton 
conductivity) to various sensors, a signal transduction medium, a solid-state capacitor, etc., Or it is in offering the 
specific alkyl phosphoric-acid (salt) content polymer in which is available also as a dispersant, an emulsifier, chemical 
for water treatment, an antistatic agent, a water retention agent, a thickener, a fiber processing agent, and ion exchange 
resin (film), and the engine performance and dependability in an elevated temperature are especially excellent. 
[0006] 

[Means for Solving the Problem] This invention offers the phosphoric-acid radical content polymer which consists of 
an alkyl phosphoric acid (salt) of the polybenzimidazole expressed with the following general formula (I). 
[0007] 
[Formula 2] 
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f/ 1 



(I) 



n 



[0008] A tetravalent aromatic series radical and R2 are the same, or a difference, a hydrogen atom or the alkyl 
phosphoric acid (salt) of carbon numbers 2-5, and the inside of [general formula (I) and Rl are [ an aliphatic series 
radical, an alicycle group machine or an aromatic series radical, and R3 -R4 ] R3 -R4. n is 10-10,000 [ inside ] among 
structural unit 1 unit including 0.1-2 alkyl phosphoric acids (salt). ] 
[0009] 

[Embodiment of the Invention] The polybenzimidazole used for the phosphoric-acid radical content polymer of this 
invention is expressed below (** 3). 
[0010] 
[Formula 3] 



N N 
H ft 



— 1 n 



[001 1] As an example of this polybenzimidazole A Polly 2, 2 , -(m-phenylene)-5, and S'-BIBENZU imidazole, A Polly 
2, 2'-(pyridylene - 3','5')-5, and 5'-BIBENZU imidazole, A Polly 2, 2»-(FURIREN - 2', S')-5, and S'-BIBENZU 
imidazole, A Polly 2, 2' -(naphthalene - 1', 6>5, and S'-BIBENZU imidazole, A Polly 2, 2'-(biphenylene - 4', 4')-5, and 
S'-BIBENZU imidazole, A Polly 2, 2'-(amylene)-5, and S'-BIBENZU imidazole, A Polly 2, 2'-(octamethylene)-5, and 
S'-BIBENZU imidazole, Polly 2, 2'-(m-phenylene)-5, and S'-G MIDAZO benzene, The Polly 2, 2'-(m-phenylene)-5, 
and S'-JI (benzimidazole) ether, A Polly 2, 2'-(m-phenylene)-5, and S'-JI (benzimidazole) sulfide, A Polly 2, 2'-(m- 
phenylene)-5, and 5'-JI (benzimidazole) sulfone, Polly 2, 2'-(m-phenylene)-5, and S'-JI (benzimidazole) methane, Polly 
2, 2-(m-phenylene)-5, and S'-JI (benzimidazole) propane - 2, 2, Polly 2, 2'-(m-phenylene)-5, and S'-JI (benzimidazole)- 
ethylene -1,2, etc. are mentioned. 

[0012] Preferably, it is a Polly [ to whom it is expressed below (** 4) ] 2, 2'-(m-phenylene)-5, and S'-BIBENZU 



imidazole. 
[0013] 
[Formula 4] 




[0014] The manufacture approach of these polybenzimidazoles is indicated by a U.S. Pat. No. 3,313,783 specification, 
a 3,509,108 specification, a 3,555,389 specification, a 3,433,772 specification, a 3,408,336 specification, a 3,549,603 
specification, a 3,708,439 specification, a 4,154,919 specification, this 4,312,976th specification, etc. 
[0015] 10-10,000, and since it is 20-5,000 preferably, a mechanical strength is inferior by less than ten, and it becomes 
a problem, and the solubility to a solvent will worsen if 10,000 is exceeded on the other hand, a problem may usually 
produce the polymerization degree (n) of polybenzimidazole in moldabilities, such as casting. 
[0016] The alkyl phosphoric-acid radical content polymer of this invention can be obtained by introducing an alkyl 
phosphoric-acid radical into the above-mentioned polybenzimidazole. For example, after carrying out dehydrogenation 
of the polybenzimidazole, using lithium hydride etc. as an approach of introducing an alkyl phosphoric-acid radical, 
using the alkyl compound which has a halogen and a phosphoric-acid radical, it is made to react with the secondary 
amine in this polymer, and alkyl phosphorization can be carried out and it can obtain. As an alkyl compound which has 
a halogen and a phosphoric-acid radical, 2-chloro ethyl phosphoric acid, 2-BUROMO ethyl phosphoric acid, 2- 
chloropropyl phosphoric acid, 2-chloropropyl phosphoric acid, etc. are mentioned, and it is 2-chloro ethyl phosphoric 
acid preferably. This reaction formula is as the next (** 5), when 2-chloro ethyl phosphoric acid is used with the 
polybenzimidazole of the above (** 4). 
[0017] 
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[Formula 5] 




PO (OH) 2 PO (OH) 2 



[0018] That is, being -30-100 degrees C, and making a resultant with the lithium hydride which dissolved, for example 
in the solvent, and the alkylamine salt of 2-chloro ethyl phosphoric acid stir as a reaction condition of this phosphoric- 
acid radical installation for several hours etc. is mentioned. As a solvent, an amide series solvent like ethers solvents, 
such as hydrocarbon solvents, such as n-hexane, a tetrahydrofuran, and dioxane, dimethylacetamide (DMAC), and 
dimethylformamide, dimethyl sulfoxide, a N-methyl-2-pyrrolidone, etc. are mentioned, for example, and it is 
dimethylacetamide preferably. As a counter ion of the phosphoric-acid radical in a polymer, especially a limit does not 
have alkaline earth metal, such as alkali metal, such as a proton, a lithium, and sodium, calcium, and magnesium, 
ammonia, an organic amine, etc. When using it as a proton conductivity solid polymer electrolyte, the proton of a 
counter ion is desirable. 

[0019] Thus, 0. 1-2 phosphoric-acid radical weight in the alkyl phosphoric-acid radical content polymer obtained is 
usually 0.5 or more pieces preferably to one unit which constitutes a polymer. In less than 0.1 pieces, since there are 
few absolute numbers of a phosphoric-acid radical, what sufficient engine performance - proton conductivity does not 
go up — is not obtained, but exceeds two pieces is difficult to get on the structure of polybenzimidazole. 
[0020] The structure of such a phosphoric-acid radical content polymer of this invention can be checked from 
absorption of a phosphoric-acid radical by the infrared absorption spectrum, and these presentation ratios can be known 
by acid base titration, such as elemental analysis, the potential difference, and electric conductivity. Moreover, the 
structure can be checked with a nuclear-magnetic-resonance spectrum. 

[0021] As an application of the phosphoric-acid radical content polymer of this invention, for example, a proton 
conductivity solid polymer electrolyte is mentioned, and it is available to the electrolyte for primary cells, the 
electrolyte for rechargeable batteries, the electrolyte for fuel cells, a display device, an electrochromic element 
(aperture), various sensors, a signal transduction medium, a solid-state capacitor, etc. After dissolving in a solvent and 
blending the polymer of this invention in order to prepare a proton conductivity giant-molecule solid electrolyte for 
example, the approach of fabricating putting the approach and pressure which are fabricated in the shape of a film by 
casting is mentioned. Here, as a solvent, amide series solvents, such as dimethylacetamide and dimethylformamide, 
dimethyl sulfoxide, etc. are mentioned. The water of inorganic acids, such as a sulfuric acid and a phosphoric acid, the 
organic acid containing a carboxylic acid, and optimum dose etc. may be used together at the time of preparation. 
[0022] Moreover, for example, polypropylene oxide, a polytetram ethylene glycol, Poly ether system polymers, such as 
propylene oxide / butylene oxide copolymer, and a poly oxy alky lene monochrome (meta) acrylate (**) polymer, 
Sulfonic-acid content polymers, such as a styrene sulfonic-acid system (**) polymer and a vinyl sulfonic-acid system 
(**) polymer, Carboxylic-acid content polymers, such as an acrylic-acid system (**) polymer and a methacrylic-acid 
system (**) polymer, Amide system polymers, such as an acrylamide (**) polymer and an alkyl (meta) acrylamide (**) 
polymer, (Meta) Amino-group content polymers, such as the poly allylamine, aliphatic series polyamide The polymer 
which has siloxane association of silicone rubber etc., The Pori acrylic resin which carried out the polymerization (**) 
of the acrylic monomers, such as butyl acrylate and ethoxyethyl acrylate, polybutadiene, polyisoprene, a 
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polyisobutylene, polytetrafluoroethylene, etc. may be used together. 

[0023] As another application of the phosphoric-acid radical content polymer of this invention, medical ingredients, 
such as the electrolysis film of a sodium chloride, exchange resin (film) of various cations, permeable membrane, gas 
permselective membrane, steam permselective membrane, and an anti-blood coagulation ingredient, the separator for 
cells, an electrode component, an electrochemistry sensor, an antistatic agent, etc. are suitable, for example. 
[0024] 

[Example] Although an example is given and this invention is explained still more concretely hereafter, this invention 
is not limited to the following examples. In addition, among an example, % and especially the section are weight 
criteria, unless it refuses. Moreover, it asked for various kinds of parameters in an example as follows. 
[0025] identification of a product - the product fully refined and dried was identified by FT-IR (JEOL JIR-RFX3001). 
Moreover, the rate of alkyl phosphorylation was computed by elemental analysis. In this calculation, since the alkyl 
phosphoric-acid radical might be repeatedly introduced into two per structural unit 1 unit, the compound polymer made 
100% the rate of phosphorylation at the time of being completely introduced into two places. Furthermore, the 
molecular weight of a product used dimethylformamide for the eluate, and asked for it by the GPC method. The 
calibration curve was produced using the polystyrene correlation sample. 

[0026] The film-like sample with a diameter of 13mm put on the bottom of 100% relative humidity of measurement of 
proton conductivity was inserted into the platinum electrode, and was enclosed with the sealing eel, and the absolute 
value and phase angle of an impedance of a eel were measured using the impedance analyzer (HYP4192A) at the 
frequency of 5-13MHz, the applied voltage of 12m V, the temperature of 20 degrees C, 50 degrees C, and 100 degrees 
C. The obtained data performed complex impedance measurement in oscillation level 12mV using the computer, and 
computed proton conductivity. 

[0027] After dissolving lOg of example of reference 12-KURORU ethyl phosphoric acids in dimethylacetamide 20cc at 
a room temperature, triethylamine 7.7g was added and it agitated at the room temperature for 2 hours (Solution A is. 
called). 4g of polymers shown in 3 opening flask of 300ml of content volume above (** 4) was put in, 
dimethylacetamide 80cc was added, and the churning dissolution was carried out at 85 degrees C. Then, 0.8g of lithium 
hydrides was added and it agitated at 85 degrees C for 2 hours. The above-mentioned solution A was added to this, and 
it agitated at the room temperature for 2 hours. Precipitation purification of the polymer solution was carried out with 
the methanol, and it removed a solvent and unreacted low-molecular. As a result of structural analysis, the product was 
the matter shown in (** 6), ethyl phosphoric-acid radical weight was 65%, and molecular weight was 50,000 
(polymerization degree n is about 35). This product is called P-l . IR chart of this product is shown in drawing 1 . 
[0028] 
[Formula 6] 



[0029] In the example 1 of example of reference 2 reference, it carried out similarly except having changed 
polybenzimidazole into the Polly 2, 2 , (pyridylene - 3', 5 f )-5, and 5'-BIBENZU imidazole. As a result of structural 
analysis, the product was the matter shown in (** 7), the amount radical weight of ethyl phosphoric acids was 70%, and 
molecular weight was 45,000 (polymerization degree n is about 28). This product is called P-2. IR chart of this product 
is shown in drawing 2 . 
[0030] 
[Formula 7] 




— J n 



PO (OH) 2 PO (OH) 2 




PO (OH) 2 



PO (OH) 2 
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[0031] In the example 1 of example of reference 3 reference, it carried out similarly except having changed 
polybenzimidazole into the Polly 2, 2'(naphthalene - 1', 6')-5, and S'-BEBENZU imidazole. As a result of structural 
analysis, the product was the matter shown in (** 8), the amount radical weight of ethyl phosphoric acids was 65%, and 
molecular weight was 60,000 (polymerization degree n is about 38). This product is called P-3. IR chart of this product 
is shown in drawing 3 . 
[0032] 
[Formula 8] 




PO (OH) » 



PO (OH) z 



[0033] After dissolving in a solvent the product obtained in examples 1-3, the example 1 of a comparison - the example 
of the 2 above-mentioned reference, the film was created on platinum by casting. The measurement result of proton 
conductivity in each temperature of each film is shown in Table 1 . The alkyl phosphoric-acid radical content polymer 
of this invention is stabilized over a large temperature requirement, and shows proton conductivity. It turns out that 
proton conductivity does not especially fall at an elevated temperature, either. 
[0034] 
[Table 1] 
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[0035] 

[Effect of the Invention] The phosphoric-acid radical content polymer of this invention has high prong ton conductivity 
over a large temperature requirement, and is excellent in the point that the engine performance does not fall under an 
elevated temperature. Therefore, it is available for the application of the electrolyte for primary cells, the electrolyte for 
rechargeable batteries, the electrolyte for fuel cells, a display device, various sensors, a signal transduction medium, a 
solid-state capacitor, ion exchange membrane, and others, and this industrial meaning is size very much. 
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* NOTICES* 

J t PO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The phosphoric-acid radical content polymer which consists of an alkyl phosphoric acid (salt) of the 
polybenzimidazole expressed with the following general formula (I). 
[Formula 1] 



A tetravalent aromatic series radical and R2 are the same, or a difference, a hydrogen atom or the alkyl phosphoric acid 
(salt) of carbon numbers 2-5, and the inside of [general formula (I) and Rl are [ an aliphatic series radical, an alicycle 
group machine or an aromatic series radical, and R3 -R4 ] R3 -R4. n is 10-10,000 [ inside ] among structural unit 1 unit 
including 0.1-2 alkyl phosphoric acids (salt). ] 
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[ Drawing 3 ] 
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